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ABSTRACT 
Among the many studies showing alterations in reproductive organs of 
marrmals during estrous and menstrual cycles, in recent years changes have 
also been observed in enzyn1es associated with metabolic energy necessary 
for reproductive processes such as ovulation and fertilizat~on. One such 
enzyme, lactate dehydrogenase (officially designated LDH - E.C. 1.1.1.27), 
importantly involved in anaerobic glycolysis, has been found to be extremely 
elevated in the oviductal secretion of the albino rat; therefore the rat 
(Rattus norvegicus), was chosen as an animal model for study of LDH in the 
fallopian tube during the estrous cycle. 
Estrous cycles of 60 female albino rats (Charles River, Sprague-Dawley 
derived) were followed by vaginal smears taken twice daily for several 
cycles. Rats were necropsied at 90 to 120 days of age at six stages of the 
estrous cycle, i.e estrus, metestrus, early diestrus, late diestrus, 
preproestrus and proestrus. The right fallopian tube of each rat was 
quenched in 2-methylbutane cooled with dry ice, stored at~68°C. and 
sectioned on a Lipshaw cryostat at 6µ. These sections were reacted for LDH 
using Nitro-BT as hydrogen-acceptor, colored indicator. Control sections 
were inc.ubated without substrate and for NADH2-diaphorase. The left 
fallopian tube and other reproductive and endocrine organs were weighed, 
fixed in Bouin's solution and embedded in paraffin for study of morphology. 
Cycle stages were confirmed utilizing vaginal smears, statistical analysis 
of gravimetric data and paraffin sections of uteri. Three morphologically 
distinct areas of the fallopian ty.be (i.e. infundibulum, arnpulla and 
isthmus) were evaluated independently utilizing a predetermined 0 to 6+ 
scale for mono- and di-formazan. LDH localization and activity levels by 
estrous cycle stage were tabulated utilizing combined average scores of 
mono- and di-fonnazan for epithelium and ITil.lscularis of each tubal seegnent. 
Average weights of left fallopian tubes exhibited a curve similar to 
that seen for uteri during the six stages of the estrous cycle, i.e. 
heaviest in estrus (12.96 + 0.84 mg, 4.51 + 0.36 mg%) and lighest in early 
diestrus (10.32 + 0.63 mg, 3.76 .±. 0.18 mg%); estral weight was significantly 
higher than weight in early diestrus (P < 0.05). 
Histochemically assessed LDH activity varied during the stages of the 
estrous cycle in the fallopian tube, with highest activity in proestrus in 
epithelia of infundibulum, ampulla and isthlTills (scores of 11.5, 11.5 and 9.5, 
respectively). Muscle activity was always below that of epithelium, but in 
muscle also, each seg}Ilent of the tube showed high activity in proestrus 
(scores of 9, 9 and 8, respectively). Muscle of isthums, however, peaked in 
late diestrus (8.5). Epithelia showed lowest activitied'at early diestrus 
(scores of 8.5, 9 and 6, respectively). Low scores in ITillSCle were also in 
early diestrus (4.5, 5 and 5.5, respectively); infundibulum (score of 5) and 
isthlTills (5) were also low in preproestrus. Overall average scores indicated 
that act1vity was highest in ampulla, similar but slightly lower at non-
proestrous stages in infundibulum, and lowest in isthlTills. 
Thus, the LDH activities have been seen to correlate with the 
reproductive events that take place in the fallopian tube. 
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INI'RODUCTION 
Much literature has been written on the various alterations observed 
during the estrous cycles in animals and during the human menstrual cycle. 
Hormonal levels, enzyme functions, morphologic changes and behavioral 
characteristics, to mention a few, have been utilized for purposes of 
correlation, in an effort to determine indices of normal and abnormal levels 
of measurable data. Much information on the metabolic energy involved in the 
maintenance before, during and after the process of fertilization has appeared 
in the literature during recent years. These studies utilized biochemical and 
histochemical analyses of metabolic enzymes. One such enzyme, lactate 
dehydrogenase (officially designated LDH - E.C. 1.1.1.27, a very soluble 
enzyme localized predominantly in cytoplasm but possibly also in mitochondria, 
has been examined for its link with anaerobic glycolysis in the mitochondria 
of living cells throughout the body. Since the ovum passes through the 
fallopian tube (i.e., oviduct or uterine tube) in viviparous mammals before, 
/ 
during and after fertilization, concomitant with the different stages of the 
estrous or menstrual cycle, the precise localization and measurement of LDH 
enzyme activity in the fallopian tube of different animal species would be of 
biological importance. 
In this study, the author utilized the albino laboratory rat (Rattus 
norvegicus) for an animal model in which LDH localization in the fallopian 
tube can be correlated with the different stages of the estrous cycle. The 
significance of these findings will relate to the role of LDH in the 
metabolism of the ovum as it travels through the length of the fallopian 
tube. It is postulated that these findings will also shed light on areas 
of reproduction relating to sterility and fertility, such as sperm 
1 
2 
transport and capacitation in the fallopian tube, fertilization of the ovum 
in the ampulla and early development ·of the zygote during its sojurn before 
entering the uterus for implantation. 
1 
REVIEW OF THE LITERATURE 
The female albino laboratory rat (Rattus norvegicus) displays distinct 
cyclic changes in the vaginal mucosa ·and various other reproductive organs. 
Long and Evans ( 1922) in their classic rronograph "The Oestrous Cycle in the 
Rat and its Associated Phenomena" showed that these morphological changes, 
especially in the vaginal smears, could be correlated with the various stages 
of the estrous cycle. They collected data from a great multitude of normal 
test anl,mals and concluded that the estrous cycle of the rat occurred in five 
separate stages, each with its own succession of vaginal smear cell types that 
could be easily recognized and correlated with other gross and histological 
changes (Table I). Long and Evans (1922) found that 4.6 days was the average 
norma.l estrous interval or cycle length in 82 percent of their actual 
observations on their strain of rat under their laboratory conditions. 
Velardo (1958) reviewed their work and devised comprehensive vaginal estrous 
cycle indices so as to give greater insight into the intermediate phases of 
late diestrus and preproestrus (Table II). 
The variations in the oviduct (also known as the fallopian tube or 
uterine tube) during the estrous cycle were also studied by Long and Evans 
(1922). They made mention of the fact that the most marked and macroscopically 
detectable change in the uterine tube occurs only approximately at or just 
after the time of ovulation when the distal folds of .the oviduct are 
distended with fluid and usually contain the ova. 
The fallopian tube is a reproductive structure which is responsible for 
oviductal gamete transport, for the suitable environment of the gametes, 
fertilization and for early development of the fertilized ovum (zygote). 
3 
TABIB I 
SCHEMATIC OUTLINE OF CHANGES IN THE REPRODUCTIVE ORGANS OF THE RAT DURING THE OESTROUS CYCIB 
Stage 
1 
(12 Hrs.) 
2 
3 
(2 and 3 
27 Hrs.) 
Living Animal 
Vaginal ITlllcosa 
slightly dry. Smear 
of epithelial cells 
only. Lips a little 
swollen. In heat 
toward end. 
Vaginal ITlllcosa dry 
and lusterless. 
STIEar of cornified 
cells only. Lips 
swollen. In heat. 
As in Stage 2, but 
cornified material 
abundant (cheesy) 
and animal not in 
heat. 
Histology of 
Vaginal Mucosa · 
Many layered (8-12) 
. 08- .1 rrnn thick. 
Mitoses active. 
Cornified layer 
under superficial 
layer of epithelium. 
No leukocytes. 
7-11 layers of cells. 
.08-.1 rrm thick. 
Cornified layer well 
forTIEd and super-
ficial. No leukocytes 
Mitoses fewer. 
5-9 cells thick. .064 
rrnn.thick. Cornified 
layer loose and 
finally completely 
detached. No leuko-
cytes. Mitoses still 
fewer. 
. 
Uterus Ovary and Oviduct 
During Stage 1 uterus Follicles large. 
becomes distended with 
fluid increasing in 
diarreter from 2. 3 to 
3. 7 rrnn. 
Reaches greateS; dis- Follicles largest. 
tention (5 rrnn) and Eggs may undergo 
thinness of epithe- maturation. 
li um and then re-
gresses to diarreter 
of 1.8 rrnn. Vacuolar 
degeneration sOITE-
times begins .· 
Diarreter of uterus Ovulation. 
about 2. 0 nm. Secretion of fluid 
Epithelium under- into periovarial 
going vacuolar space and oviduct. 
degeneration. 
..r::-
TABIE I (continued) 
SCHEMATIC OUTLINE OF CHANGES IN THE REPRODUCTIVE ORGANS OF THE RAT DURING THE OESTROUS CYCLE 
Histology of 
Stage Living Animal Vaginal Mucosa Uterus Ovary and Oviduct 
4 Vaginal mucosa slight- 4-81cells thick. Diameter of uterus Young corpora lutea · 
(6 Hrs.) ly rroist. Sirear of .062 mn thick. 2. 2 mn. Some vacuo- Eggs in oviduct. 
cornified cells and Cornified layer gone lar degeneration but Follicles smallest. 
leukocytes. Swelling Many leukocytes. also regeneration. 
of lips gone. Mitoses increasing. 
5 Vaginal mucosa moist, 4-7 cells thick. Diameter 1.7 mm. Follicles of 
Dioestrous glistening. .042 mn thick. Leuko- Epithelium undergoing various sizes. 
Interval Sirear of leukocytes cytes. Mitoses not regeneration. Corpora lutea con-
(57 Hrs.) and epithelial cells. numerous. tinue to grow. 
Variable amount of Eggs traversing 
mucus. oviduct throughout 
early interval. 
Long and Evans (1922). 
" 
' 
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TABIB II 
ESTROUS CYCLE OF THE RAT 
Stage of the Duration 
Estrous Cycle Ovarian Histology Uterus Vaginal SITEar in Hours 
Early Estrus Large follicles; . ~ distention; Cornified cells . 
mature ova. / ltnninal fluid present. 
10-12 
Late Estrus Ovulation; early forrna- Less distention; uterine Cheesy masses of corni-
tion of corpora lutea. luminal fluid. fied cells with degen-
ate nuclei. 
Metestrus Corpora lutea and small Decrease in vascularity Few cornified cells and 10-14 
follicles. and contractility. many leukocytes. 
Diestrus Corpora lutea and small Small and anemic; Leukocytes abundant. 60-70 
follicles. slightly contractile. 
Proestrus Follicles show pre- "-Luminal fluid in large Nucleated epithelial 12. 
ovulatory swelling. amounts ; higply cells, singly or in 
contractile. sheets. 
After Verlardo (1958). 
1 
rnasmuch as the oviduct is structurally modified in different species, a 
description is here presented of the.rat for orientation. 
The oviductal wall of the rat is histologically comprised of three 
layers, i.e. the mucosa, consisting of a simple, columnar epithelitml of 
ciliated and non-ciliated cells supported by a lamina propria of varying 
thickness, a muscularis irregularly of two layers, and a serosa (Kellogg 1945). 
The lamina propria and muscularis tend to be thinnest at the ovarian portions 
of the oviduct, and thickest at the uterine portions,_with gradations along 
the length. Kellogg found longitudinal muscle fibers next to the mucosa 
forming an incomplete layer in her second division of the tube and more 
complete layers in the later division, surrounded by a more prominent 
circular coat. In the isthmus, Nilsson and Rein\us (1969) describe the 
',, 
Im.lscularis as having a thick, inner circular layer and a thin, outer 
longitudinal coat. Kellogg (1945) also gave extensive descriptions of the 
gross anatomy of the oviduct of the rat. She stated that the compactly-coiled 
./ 
oviduct is located close to the caudal pole of the ovary and extends to the 
cephalic extremity of the uterine horn. It is enclosed within the perio-
varial sac (Text - Figure 1). The periovarial sac is a two-layered 
epithelial sac which also completely encloses the ovary and ensheaths the 
ligamenttml ovarii propritml. The sac wall also contains some smooth muscle and 
connective tissue from this ligament (the ligament courses from the cranial 
pole of the uterine horn, along the dorsal aspect of the coils of the oviduct, 
along the hilus of the ovary, and to the dorsal body wall). 
The oviductal ostitml opens into the sac part that encloses the ovary just 
ventro-medial to the ovary. A short part of the oviductal tube is enclosed 
TEXT - FIGURE 1 
Gross anatomical sketch of rat fallopian tube anq associated structures 
(ventral view). 
D.L. - Diaphragfllatic ligament. 
F.T. - Fallopian tube. 
I.P. ~ Intrauterine papilla. 
U.H. - Uterine horn. 
8 
TEXT - FIGURE l 
~---------D.L. 
MEDIAL LATERAL 
/" 
~~~~__,;.--OSTIUM 
F.T. 
Redrawn after Kellogg (1945). 
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here also. This part is not expanded in diameter. It has on its external 
surface a mucosa which is thrown into high folds, sometimes called fimbriae. 
These folds continue over the edge of the ostium and into the tube at the 
one end, and at the other end their epithelium is continuous with the inner 
lining of the periovarial sac. The tubal oviduct leaves the imnediate 
environment of the ovary by enteri_ri.g between the two layers of the perio-
varial sac. From this point the oviduct is thrown into a variable number of 
coils. The middle coils tend to be embedded in the wall of the sac; the 
-. -
cephalic and caudal coils are suspended by the outer layer of the sac. The 
direction of the coils is not regular, like those in a spring, but rather the 
part from the ostium tends to dip to a nnre caudal central site, then turn 
cephalad, so that coils i...'1Jl1ediately caudal to the ovary represent a middle 
part of the oviduct. The lowermost coils tend to be the uterine part. The 
oviduct of the rat, although occupying little space, is quite long (2.5-
3.0 cm according to Huber, 1915, as quoted in Kellogg (1945). 
Kell.o.gg divided the fallopian tube into four numb.ered morphologic 
divisions depending upon the microscopic features; i~e. epithelium mainly 
ciliated at the ostium to mostly secretory towards the uterine horn. Division 
1 contained the intracapsular part and 1.5 to 2 coils, division 2 the next 
coil, division 3 the next 4 to 6 coils, and division 4 the last coil before 
the oviduct enters the uterine wall, plus the intrauterine part. The highest 
folds were in part 1, which also contained the highest percent.age of ciliated 
cells. Part 2 was distinguished by lower, wider folds and a predominance 
of non-ciliated cells t.ogether with a rather thin muscularis. Part 3 
showed low, irregular folds, covered almost totally with non-ciliated cells 
10 
of irregular shapes, a lamina propria of irregular thicknes·s and a much 
thicker rnuscularis. In part 4, the lamina propria formed a thick layer, and 
supported the folds with sturdy cores. 
The fallopian tube of marrmals, including the rat, is usually morphologi-
cally divided into four anatomical parts, i.e. infundibulum (with fimbriae), 
ampulla, isthmus and uterotubal junction. Recent anatomical observations 
of the rat fallopian tube using light and electron microscopy were given 
by Reinius, 1966 (Text - Figure 2A) and Nilsson and Reinius (1969) 
(Text - Figure 2B). Their divisions parallel those of Kellogg quite closely, 
giving names to the parts. All of the fallopian tube preceding the ampulla 
is called pre-ampulla, which includes fimbriae, ostium and infundibulum. As 
with Kellogg's division 1, this runs for about 2 loops. Almost all of the 
epithelial cells are ciliated, and they have microvilli as well. The few 
secretory cells present are taller than the ciliated cells, have short 
microvilli, stain more darkly than ciliated cells, and do not exhibit 
morphologic changes during the time of sperm and egg transPort. They have 
a moderately developed rough endoplasmic reticulum, a larger supranuclear 
Golgi apparatus, and a few dense apical granules. The next division is 
termed the ampulla because it is the part which becomes distended with fluid 
at ovulation. This part is not always distinguishable grossly from the pre-
ampulla. It is often the site of fertilization; eggs are most often seen in 
this part in histological sections taken from oviducts of postovulatory 
animals. The epithelium is dominated by non-ciliated cells with regular 
microvilli. They present the morphological picture of an active protein-
secreting cell. In mice, the apical granules are most numerous when the 
TEXT - FIGURE 2A 
Diagram of the rat oviduct denoting the anatomical sections. 
INFUND. - Infundibulum. 
ISTH. - Isthmus. 
U.H. - Uterine horn. 
U.J. - Uterotubal junction • 
• 
TEXT - FIGURE 2A 
IN FUND. 
AMP ULLA 
ISTH. 
U.J. 
TEXT - FIGURE 2B 
Schematic drawing of the rat oviduct depicting the characteristics of the 
separate anatomical se0Jlents. 
INFUND. - Infundibultml. 
U.H. - Uterine horn. 
U.J. - Uterotubal junction. 
TEXT - FIGURE 2B ( 
/ 
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Redrawn after Nilsson and Reinius (1969). 
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ampulla is not distended, i~e. when gamete related events are not talcing 
place. '!his is interpreted as a storage phase. When the ampulla is distended, 
the cells present a depletion picture. 'Ihe next se@:Ilent, or isthums starts 
at the turn of the post-ampullary coil. It extends to the last loop of the 
oviduct, and so equals Kellogg's division 3. 'Ihe folds are low and circular, 
and the predominant epithelial cell is of the non-ciliated or secretory type. 
Nilsson.and Reinius showed that there are two secretory cell types present, 
one a protein secreting cell like that of the ampulla, and the other a 
similar cell which exhibits also smooth endoplasmic reticulum. '!his supports 
the observation that the rodent isthmus secretes glycogen during day 2 of the 
estrous cycle. The last part of the oviduct was newly termed junctura by 
Reinius. 'Ihe muscular layer is thicker here, and the microvilli lower on 
the secretory cells, which also show apical secretion. Comparisons between 
Kellogg and Reinius on luminal size are not possible, since Reinius has noted 
that the size of the lumen can vary much in tissues fixed_,Py imnersion 
rather than perfusion. 
The musculature of the oviduct has been studied with respect to 
contractility during the estrous and menstrual cycle. Seckinger and Snyder 
(1926) reported findings of rapid, unequal contractions of the human 
fallopian tube removed during the ovulatory phase of the menstrual cycle. 
They found slower, more uniform contractions during the premenstrual phase. 
Other investigators (Humphrey, 1969; Mastroianni, 1962) described various 
physiologic alterations in oviductal musculature, especially at the 
isthmus-ampulla and uterotubal junctions, which they believe were primarily 
responsible for assisting or impeding the transport of ova after ovulation. 
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Alden (1943) showed variation in the uterotubal opening pressure of the 
albino rat which reflected changes in IIIllScular contraction during the estrous 
cycle, i.~ highest pressure at estrus with comparatively high values at 
proestrus and diestrus. Retention of ova in the ampulla for fertilization 
was also thought to be a result of a physiologic closure of the isthmus. In 
rats, exogenous estrogen can cause a prolonged closure of the ampulla-
isthmus junction (Humphrey, 1969). 
Since the ovum normally passes through the complete length of the 
oviduct before, during and after the process of fertilization, the influence 
of oviductal environment on the ovum is of great importance to the areas of 
fertility and sterility. The same philosophy of metabolic importance is 
also carried over to the male gamete, i.~, the spenn. We still do not 
understand the mechanisms responsible for the events observed in the fallopian 
tube. Zamboni et al. (1965) reported that certain unknown components of the 
tubal fluid of rabbits were responsible for the degenerat~n of the corona 
cells and ovum denudation prior to fertilization. Chr~tien (1971) reported 
that transplanted ova from rats to the ampulla in vitro underwent division 
due to substances in the oviductal secretions. Oviductal secretions 
have been analyzed with respect to their constituents. Hamner and Fox 
(1969) reported that lactate levels in the oviductal fluid of sheep were 
lowest at estrus and highest at diestrus. In the rabbit, Iritani et al. 
(1971) discovered a ten-fold increase in lactic acid levels of oviductal 
secretions from pseudopregnant rabbits compared to the normci.l estrous rabbit. 
Many investigators (Georgiev·et al., 1970; Gibson and Masters, 1970) 
have found elevated levels of I.DH (E.C. 1.1.1.27) in the oviductal secretions 
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of different animal species. Georgiev et al. (1970) reported very elevated 
extracellular IDH activities in the rabbit oviductal secretions; whereas 
Gibson and Masters (1970) found the specific activity of IDH in the 
fallopian tube secretions of certain animal species, including the rat, to be 
of the same magnitude as some of the richest sources among marrrnalian tissues. 
Whitten (1957 and 1970) studied the effects of lactate and various other 
nutrients on preirnplanted embryos and tubal ova in culture. He showed that 
the development of mouse ova was more rapid in the presence of lactate. 
Brinster (1965a,b, 1967a,b, 1968, 1969a,b) extensively studied the IDH 
" enzyme activity of preirnplantation enbryos and mature oocytes of various 
mamm:3.ls, including the laboratory rat, and concluded that those of the rat 
had very high specific activity of IDH, when corr:pared with any other tissue 
in the adult animal. 
The findings relating to IDH in oviductal secretions and its influence 
on tubal ova had led to the formation of many theories on _J;he metabolism 
of the tubal ova. Whitten (1957) demonstrated the toxicity of an oxygen 
environment to tubal ova of mice which resulted in the belief that mouse ova 
are dependent on a maternal source of energy which is utilized anaerobically. 
In anaerobic glycolysis, lactate is converted to pyruvate with the aid of 
IDH enzyme and NAD (nicotinamide adenine dinucleotide, DPN or co-enzyme I) 
(Text - Figure 3). Therefore, if a large amount of IDH is detected histo-
cytochemically, one can infer that anaerobic glycolysis, i.e., metabolism 
in the mitochondria, was taking place. 
Padykula (1952) was probably the first person to demonstrate oxidative 
enzymes (SDH - succinic dehydrogenase) in the rat fallopian tube and to 
TEXT - FIGURE 3 
Biochemical reaction depicting conversion of lactate to pyruvate catalyzed 
by IDH and assisted by NAD. 
TEXT - FIGURE 3 
CH3 CH . I NAD+ I 3 + CHOH + LDH(E.C. 1.1.1.27) co + NADH + H 
I I 
COOH COOH 
CO-ENZYME I CO-ENZYME I 
LACTIC ACID (OXIDIZED)_ PYRUVATE (REDUCED) h'YDROGEN 
After Schwert and Winer (1963); Dixon and Webb (1964). 
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record a moderate SDH reaction in the tube, especially in the fimbriae, using 
a tetrazolium (BT) stain. Velardo and Rosa (1963) thoroughly reviewed the 
enzyme histochemistry of the fallopian tube in a number of species . More 
recent reviews on enzyme histochemistry of the fallopian tube of various 
species still do not mention LDH enzyme (Fredricsson, 1969; Woodruff and 
Pauerstein, 1969). Suzuki et al. (1970) reviewed the literature on a 
comparative level regarding the enzyme histochemistry of the oviduct. These 
authors felt that more work in this area should be undertaken with the 
significance placed on environmental aspects of sterility, rather than on 
organic problems, with regard to pathological alterations. The majority of 
articles covering enzyme histochemistry of the oviduct deal with succinic 
dehydrogenase· (SDH). SDH is an oxidative enzyme concerned with the Kreb's 
TCA cycle, whereas lactate dehydrogenase is an N~dependent dehydrogenase 
useful for localizing anaerobic glycolytic pathways usually present in the 
mitochondrial energy system. SDH was first localized in tissue using Nitro-BT 
by Nachlas et al. (1957). Farly cytochemical localization of LDH in tissue 
section using Nitro-BT as indicator was most notably done by several 
researchers (Hess, Scarpelli and Pearse, 1958a,b). 
Nitro-blue tetrazolium (Nitro-BT, NBT or ditetrazolium chloride) was 
first synthesized by Tsou et al. (1956). It is one of a group of compounds 
known as tetrazolium salts or tetrazoles which is used extensively as a stain 
for the localization of many oxidative enzyme systems (TeXt - Figure 4). The 
conversion of lactate to pyruvate, which is catalyzed by LDH and is aided by 
NAD co-enzyme, causes partial or total reduction of water-soluble Nitro-BT to 
colored, water-insoluble pigment, i.~, the formazans (Text - Figure 5). 
TEXT - FIGURE 4 
Nitro-Bl' chemical structure and fornrula. 
~,, 
TEXT - FIGURE 4 
N02 o2N N N'C-0 Q N N/ -. + -Cl 
OCH3 HC03 
C40H30Nl006Cl2 
M.W. 817.674 .\_ 
3,3'(4,4'-di-o-anisylene)-2,2'-di(p-nitrophenyl)-bis(5-phenyl) 
After Glenner (1969). 
TEXT - FIGURE 5 
Reaction depicting chemical reduction of a water-soluble tetrazolium to a 
deeply-colored forrnazan precipitate. 
TETRAZOLIUM SALT 
(WATER-SOLUBLE) 
TEXT - FIGURE 5 
+2H 
After Nachlas, et al. (1957); Glenner (1969). 
5 ~N-M-R2 R-C7 
.............. N=N-R3 
FORMAZAN 
(DEEPLY COLORED PRECIPITATE) 
....... 
\0 
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several intermediate transformations are necessary for this reduction to the 
formazans (Text - Figure 6). Two types of forma.zan are deposited when a 
Nitro-BT method is incorporated into the staining procedure. One is an 
amorphous, fine blue-black precipitate (diforma.zan) which is fat-insoluble, 
whereas the other type of formazan (monoforma.zan) is a pink to dark-violet 
compound which is highly fat-soluble. There is some controversy over the role 
of monoforma.zan in the deposition of colored product with the use of Nitro-BT. 
Glenner · (1969) stated that monoforma.zan is a contaminant of Nitro-BT. Pearse 
(1960) felt that two reaction products are formed from Nitro-BT, i.e. mono-
and di-forma.zan, but he did not know whether monoformazan is an intermediate 
reaction product. Until the chemistry of Nitro-BT and its products are 
further studied and evaluated, the role of inonoforma.zan deposition in tissue 
sections stained with NBT remains unknown. The end-point of this reaction, 
i.e. precipitation of Nitro-BT as mono- and di-formazan, is dependent upon the 
operation of the electron carrier systems (hydrogen transport) of the cells, 
which in turn depends upon the amount of NADH2-diaphorase/(a flavoprotein) 
present. Several scientists added polyvinyl pyrrolidone (PVP) to the LDH 
incubation mediwn in an effort to decrease diffusion artifacts (Pearse, 1960; 
Dahl and From, 1971; Dahl and Mellgren, 1970; Mellgren, 1971). Pearse (1960) 
also found that adding magnesiwn to the mediwn changed the deposition pattern 
so as to indicate that mitochondrial stability was protected in some unknown 
way. Some cyanide was included in the LDH incubation mediwn as an inhibitor 
for two reasons. First, cyanide blocked the cytochrome oxidase system 
resulting in a decreased amount of hydrogen lost to oxygen (yielding water) 
and, therefore, an increased amount of Nitro-BT reduction to forma.zan. Second, 
any oxaloacetic acid (OAA) formed during tissue processing would be trapped 
TEXT - FIGURE 6 
Diagrama.tic representation of hydrogen transfer necessary for histochemical 
localization of LDH, utilizing lactic acid as the substrate. 
LACTATE 
YRUVATE 
LDH 
~ NADH 2 
TEXT - FIGURE 6 
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NITRO-BT 
(WATER-SOLUBLE) 
FORMAZAN 
(COLORED PRECIPITATE) ~ 
After Burstone (1962); Barka and Anderson (~63); Novikoff (1963); Chayen, et al. (1969). 
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by cyanhydrin formation and woulq, therefore, not inhibit IDH activity 
(Das, 1937; Rosa and Velardo, 1954). Chayen et al. (1969) reported that 
cyanide also reacts with pyruvate and removes it from the equilibrium. A 
more recent modification (Manocha and Bourne, 1968) of the early IDH stain 
has proven quite satisfactory for tissue section. 
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Deane (1952) did an exceptional job of presenting data on numerous histo-
chemical tests of the oviduct of the rat during the estrous cycle, but she 
did not study IDH localization. Foraker et al. (1953) published a paper on 
dehydrogenase activity of the fallopian tube, but here again SDH was studied. 
A more recent cytochemical study on the fallopian tube of the rat during the 
estrous cycle was carried out by Lobel et al. (1969) and also lacked an 
evaluation of IDH activity. IDH has also been localized in the uterus of 
various animal species. Clark and Yochim (197la,b) biochemically measured 
IDH activity in the endometrium and myometrium of rats and suggested that 
steroid hormones altered oxygen tension which, in turn, ID:)jlified the IDH 
activity. Galbraith, Robb and Heald (1970) reported highest IDH activity at 
proestrus in the intact rat uterus, while Yochim and Clark (1971) recorded 
peak IDH enzyme levels in the rat endometrium at estrus with somewhat lower 
activity in the myometrium at that stage. With regard to the human 
myometrium, Geyer and Heil (1970) found changes in the LDH pattern during 
the menstrual cycle and attributed these changes to body hormonal levels. 
The only references in the literature which directly relate to IDH in 
the fallopian tube of the rat are those of Schultka and Schmidt (1969), and 
Patterson and Masters (1972). Schultka and Schmidt reported medium to high 
levels of IDH activity in the isthmus and ampulla of the rat oviduct, but 
their data was not correlated with the various stages of the estrous cycle. 
Patterson and Masters (1972) analyzed IDH in the whole fallopian tube of 
the rat, biochemically, correlating enzyme activity with some stages of 
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the estrous cycle, i.e., highest activity at proestrus and lowest at diestrus, 
but they did not study IDH localization within the various segments of the 
oviduct. As one can see, there is a scarcity of data on the localization of 
IDH enzyme in the nonTial rat fallopian tube during the estrous cycle. 
MATERIALS AND METHODS 
Sixty, virgin, female, albino rats (Rattus norvegicus, Charles Rivers 
COBS strain, randon-bred, approximately 60 days old) were housed (five per 
cage) in the Loyola University Medical Center Animal Research Facility under 
the following conditions: 74° + 1°F; 50% relative humidity; light cycle of 
7:00 to 19:00 and Purina Lab Chow and water ad libittun. After ear-notching 
all animals, vaginal smears were collected twice daily (a.m. and p.m.) using 
physiologic saline (0.85% NaCl) and a modified medicine dropper. Smear 
slides were air-dried for one half hour, stained with a modified Shorr S3 
tetrachrome stain (Table III) and covered with Diatex. The estrous cycles of 
all animals were followed closely. A~er several nonnal cycles, rats (90 to 
120 days old) were necropsied using a decapitator (Harvard Apparatus Company, 
Incorporated) at six stages of the estrous cycle, i.e., estrus, metestrus, 
early diestrus, late diestrus, preproestrus and proestrus (Table IV). Just 
prior to necropsy, a final vaginal smear and live body weight in grams 
(on a Torbal Torsion Balance) were collected. 
At necropsy, the right fallopian tube was remove~ imnediately for 
enzyme histo-cytochemistry, forzen in 2-methylbutane cooled by dry ice 
(-79°C) and placed in a chilled plastic bag. The plastic bag was then heat-
sealed, held in a container pre-chilled with dry ice and stored in a freezer 
at -68°C. Certain other tissues were weighed on a Roller Smith Precision 
balance and then placed in Bouin's fixative (i.e., left ovary and fallopian 
tube, uterus from cervix to uterotubal junction, adrenal glands, thyroid 
glands and the pituitary gland). A portion of the vagina was also removed 
and fixed in Bouin's solution. Tissues for paraffin sections were embedded 
in Fisher Tissue Prep (M.P. 52.5°C + 0.5°C) and sectioned at 6µ. A 
TABLE III 
MODIFIED SHORR S3 STAIN 
Special Reagents: Harris Herna.toxylin 
Biebrich Scarlet-Orange G 
Fixation: 
Routine: 
Results: 
1% of each dye in 1% acetic acid 
Mordant 
0.5% each of phosphotungstic acid and 
·phosphomolybdic acid 
Aniline Blue 
2% 1n 2.5% acetic acid 
Smears 
Absolute alcohol, after drying 
Hydrate as customary 
Hematoxylin, 5-15 minutes 
Rinse, differentiate, blue, and wash as customary 
for H&E 
Biebrich Scarlet-Orange G solution: 
20 seconds to 1 minute 
Rinse in 2% acetic acid 
Mordant for 2 minutes 
· Aniline Blue solution: 
1-5 minutes 
Rinse in 1% acetic acid 
Dehydrate rapidly starting from 95% ethanols 
through absolute ethanols and ethanol-xylene 
Clear in xylene 
./ Smears: cover with liquid or glass coverslip 
· Tissues: mount as customary 
Tissues: Nuclei dark wine; cytoplasm, red; red 
blood cells, yellow; connective tissue, blue. 
Smears: Active epithelial cells, blue; cornified 
cells, red; nuclei dark wine; white blood cell 
cytoplasm, usually blue. Some epithelial cells are 
also seen to regularly stain red. 
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TABIE N 
ESTROUS CYCIE CODE 
STAGE LENGTH OF STAGE 
Estrus (Approx. 12-15 Hrs.) 
Metestrus (Approx. 6 Hrs.) 
Early Diestrus (Approx. 12-24 Hrs.) 
Late Diestrus (Approx. 36-60+ Hrs . ) 
Preproestrus (Approx. 6-10 Hrs.) 
Proestrus (Approx. 5-10 Hrs.) 
Cell Types: C = Corni.[ied Cells 
E = Epithelial Cells 
L = Leukocytes 
SMEAR CEIL TYPES 
c4 
c212 
c14 
eL4 
E212 
E4 
I\) 
O'I 
m:xlified (quadruple) ShorT 83 stain was utilized on these tissues for 
morphological studies. 
The animals were grouped according to their respective stages of the 
estrous cycle utilizing a careful study of final vaginal smears, paraffin 
sections of all uteri for histol.ogical confirmation and the gravimetric 
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data. The uteri (in cross-section) were examined for their morphologic 
variations with the various stages of the estrous cycle (Plate I). The 
largest-sized uteri were seen in proestrus and estrus; while, at the other 
extreme, the smallest uteri were found at early and late diestrus. The lumen 
of an estrus uterus was very stellate, occupied most of the organ and 
displayed very high columnar epithelium (about 35µ). The epithelium of the 
proestrus uteri was also high and columnar, but extremely regular, and 
resembled a field of wheat with regard to the cells and nuclei. The metestrus 
uteri were smaller in size than the estrus tissue and displayed a disrupted 
epithelium with many degenerative vacuoles. The smallest,;umen with the 
lowest, unrepaired cuboidal epithelium was observed at early diestrus, while 
a similar pattern was observed during late diestrus with repaired epithelium 
and some luminal out-pocketings. Slightly m:::>re branching of the lumen was 
recorded at preproestrus where the epithelium was low columnar. These 
morphologic alterations of the uteri were used for histological confirmation 
of the estrous cycle st.age. All data for the different groups of the estrous 
cycle were analyzed for statistical significance using a SCM Cogito Progranm-
able Calculator (Model 1016PR) and also the IEM 360 Computer at Loyola 
University Medical Center. 
After appropriate grouping into estrous cycle stages, selected right 
fallopian tubes were sectioned on a Lipshaw Cryotome (Model 1500) and air-
dried for one half hour. Consecutive sections were taken from each tube 
and arranged so that each slide would contain sections from representative 
levels through the block. The IDH stain was the same as that used by 
Manocha and Bourne (1968) (Table VA). Enzymatically-clean glassware and 
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distilled-cartridge purified water were used in all enzyme procedures to 
minimize the risk of contamination. A double control was incorporated into 
the experimental design. One control was incubated without substrate in the 
medium; another co~trol was reacted to indicate NADH2-diaphorase activity 
(Chayen et al., 19Sg) (Table VB). All enzyme-stained and control tissues 
were soaked in buffer for one half hour prior to incubation to remove native 
substrates. These tissues were then incubated for one hour in the IDH enzyme 
and control media contained in Coplin jars. After incubation, enzyme and 
control tissues were fixed overnight in 10% formalin, coverslipped with 
glycerol gelatin (Fisher Scientific Co.) and sealed. Alt enzyme-stained and 
control tissues were stored in the freezer until evaluated. The Shorr S3-
stained frozen sections were also fixed in 10% neutral formalin overnight 
prior to staining. The Shorr S3 stained tissues were coverslipped with 
Permount (Fisher). 
All enzyme and com:;rol slides of the fallopian tube were then evaluated 
using a predetermined O to 6+ scale (cf. Plates III-VIII) as follows 
(deposition of diformazan): 
0 - no reaction 
l+ - minimal reaction, trace of granules 
TABLE VA 
COMPOSITION OF LDH STAIN 
Sodium Lactate 
* Diphosphopyridine Nucleotide (DPN) 
Sodium Cyanide 
Magnesium Chloride 
Phosphate Buffer, pH 7.4, 0.06M 
Nitro-BT 
Distilled Water 
Polyvinyl Pyrrolidone 
After Manocha and Bourne (1968). 
TABLE VB 
* 
112.07 mg 
66.34 mg 
4.9 mg 
10.05 mg 
-2.5 ml 
2.5 mg 
10.0 ml 
750 mg 
COMPOSITION OF DPNH2-DIAPHORASE STAIN 
Reduced Diphosphopyridine 
Nucleotide (DPNH2) 
Sodium Cyanide 
Magnesium Chloride 
Phosphate Buffer, pH 7.4, 0.06M 
Nitro-BT 
Distilled Water 
Polyvinyl Pyrrolidone 
After Chayen et al. (1969), modified. 
* 
62.5 mg 
-4.9 mg 
10.05 mg 
2.5 ml 
2.5 mg 
10.0 ml 
750 mg 
Current terminology uses abbreviations NAD and NADH2, cf. text. 
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2+ - light scatter of granules, usually none apically 
3+ - a heavier scattering of sma.11 granules, sometimes apical 
4+ - ma.rkedly greater density of granules, in patches often and more 
apical localization 
5+ - heavy granulation in patches of great density; granules and 
clun:ps both ma.rked in size 
6+ - maximal reaction, very dense, closely positioned patches of 
granular deposits giving a blue-black color to large areas 
of tissue 
Since maximum f ormazan deposition in muscle differed from maximum in 
30 
epithelium, muscle was rated on an independent scale, of similar divisions. 
Sections from- the morphologically distinct areas of the fallopian tube 
(infundibulum, ampulla and isthmus - cf. Plate II) were evaluated indepen-
dently. Frozen tissues were photographed as soon as possible after 
completion for recording and further evaluation of formaza:h deposition. 
Tabulation of results of IDH localization by estrous cycle stage was 
undertaken and correlations were made. 
EXPERIMENrAL RESULTS 
Of the sixty animals procurred for this experiment, only those which had 
regular cycles and were typical for their stage of the cycle, according to the 
standard criteria for selection (cf. Materials and Methods), were utilized for 
oviductal studies. The uterine data and graphs are presented to better illus-
trate the characteristics of the estrous cycle groupings chosen; gravimetric 
data on endocrine organs were also analyzed as a check on the nonnalcy of 
endocrine status (cf. Table VIB). 
I. Gravimetric Data. 
After extensive study of vaginal smears, histological sections of uteri 
and the gravimetric data, animals were grouped and summary charts were pre-
pared. Weight means, standard errors of the mean and probabilities of the 
difference by the t-test were calculated. All data was recorded in metric 
weight. Mathematical transformation of milligram weights to milligram per-
cent was accomplished using the following formula: 
% 
_ Organ Weight (mg) 
mg - x 100 Live Body Weight (g) 
For partial verification of rats chosen for the different stages of the 
estrous cycle, both uterine morphology and gravimetrics were studied. By 
both milligram and milligram percent analysis, the weight curves for uteri 
were quite typical of the normal estrous cycle, being maximal at estrus and 
proestrus and minimal at early diestrus. Milligram maximum was 689 + 22.1 
at estrus, and milligr~ percent maximum almost identical for estrus and 
proestrus, 238.6 + 7.8 and 239 + 7.8,respectively. Minima at early diestrus 
were 384.0 + 22.1mgand140.4 + 7.1 mg% (cf. Table VIA and Text - Figures 
7A and 7B). 
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TABLE VIA 
SUJV.M.ARY CHART OF GRAVIME'IRIC ANALYSES (REPRODUCTIVE ORGANS) 
OF ADULT FEMALE ALBINO RATS 
Number 
Estrous of Fall op~ Ovarian and 
Cycle .Animals Body Tube Fallopian Tube 
Stagea,b (N) Units Weigpt Weightc Weight 
E 5 g, mgd 289.6 + 8,744e 12.96 + 0.836 58.82 + 4.260 
Range 267 :: 318 11.5 :: 15.2 50.8 :: 74.2 
rrg% 4.51 + 0.365 20 .29 + 1.232 
Range 3, 65 :: 5,69 17. 70 :: 24.90 
ME 8 g, mg 273.1 + 7.988 11.53 + 1.014 58.84 + 3.149 
Range 226 = 296 7.1 = 15.0 47.7 :: 70.1 
mg% 4.20 + 0.335 21. 64 + 1. 218 
Range 2.78:: 5.70 16.93:: 25.73 
Dl 10 g, mg 273.6 + 6.717 10.32 + 0.627 55.50 + 2.487 Range 241 = 298 7.8 :: 13.9 44.3 :: 69.2 
mg% 3.76 + 0.175 20.31 + 0 .836 
Range 2.92 = 4.81 16.11 :: 25.92 
Uterine 
Weigllt 
689.72 + 22.154 
623.8 :: 752.8 
238.61 + 7,785 
213.96 :: 262.30 
477,38 + 24.617 
362.4 :: 585.2 
175.34 + 9,473 
148.00 :: 233,36 
384.96 + 22.095 
225.6 :: 491.4 
140.39 + 7.129 
9 3. 61 :: 171. 82 
w 
f\) 
TABIB VIA (continued) 
SUMMARY CHART OF GRAVIMETRIC ANALYSES (REPRODUCTIVE ORGANS) 
OF ADULT FEMALE ALBINO RATS 
Number 
Estrous of Fallopian Ovarian and 
Cycle b Animals Body Tube Fallopian Tube Stage a, (N) Units Weignt Weigtitc Weigtit 
D2 9 g, mgd 284.1 + 6.0l5e 10.70 + 0.680 54.18 + 2.568 Range 260 = 311 7.8 = 14.9 46.o = 66.0 
mg% 3.76 + 0.201 19.103 + o.894 
Range 2 .94 =- 4. 79 15.48 =- 22.68 
PPE 4 g, mg 264.o + 2.483 10 .35 + 0.561 57.80 + 2.464 
Range 258 = 270 9.6 = 12.0 50.0 ::- 61. 6 
mg% 3.92 + 0.216 21.90 + 1.011 
Range 3.62 = 4.56 18. 87°= 22 .97 
PE 16 g, mg 277.8 +·~.055 10.96 + 0.568 59 .61 + 1. 889 
Range 246 = 305 7.7 ::- 14.5 50.0 = 76.4 
mg% 3.94 + 0.191 21. 509 + 0 . 715 
Range 2. 77 = 5.09 17. 99 ::- 26 .10 
(cf. following page for footnotes) 
Uterine 
Weight 
471.62 + 9.853 
432.0 = 523.6 
166.573 + 4.874 
i48.45 = 189.43 
582.15 + 31.398 
511.6 ::- 647.2 
220.53 + 11.795 
193.06 = 240.70 
666.05 + 23.641 
526.6 ::- 859 .2 . 
239.85 + 7.856 
186.74 =- 292.24 
w 
w 
TABLE VIA (continued) 
SUMMARY CHART OF GRAVIMErRIC 
ANALYSES (REPRODUCTIVE ORGANS) 
OF ADULT FEMALE ALBINO RATS 
a Abbreviations for stages: 
E = Estrus 
ME = Metestrus 
D1 = Early Diestrus 
D2 = Late Diestrus 
PPE = Preproestrus 
PE = Proestrus 
b Necropsy times ranged as follows: 
E = 19:10 - 11:00 
ME = 12:45 - 21:00 
D1 = 12:00 - 15:25 
D2 = 9:30 - 20:10 
PPE = 17:50 - 20:00 
PE = 11:45 - 23:40 
c Bouin's fixed tissue. 
d Body weights are in grams (g). Organs weights are in milligrams (mg). 
e The arithmetic mean (X) is followed by the standard error of the mean 
(S.E.). In the case of body weights in grams (g), other organ 
weights in milligrams (mg) and milligrams percent (mg%). 
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TABIB VIB 
SUMMARY CHART OF GRAVTIVIE'IRIC ANALYSES OF THYROID, ADRENAL AND PI'IUITARY 
GLANDS OF ADULT FEMALE RATS 
Number 
Estrous of 
Cycle Animals Body Thyro:N. Adrenal 
Stagea,b (N) Units Weigpt Weight Weight 
E 5 g, rrgc 289.6 + 8.774d 17.68 + 0.897 76.44 + 2.023 
Range 267 = 318 15.5 = 20.1 69.0 = 81.0 
mg% 6.09 + 0.141 26.44 + 0.723 
Range 5.72 = 6.44 24.59 = 28.22 
ME 8 g, mg 273.1 + 7.988 15.44 + 1.007 74.26 + 4.750 
Range 226 = 296 11.0 = 18.5 59.9 = 98.1 
rrg% 5.66 + 0.356 27.30 + 1. 758 
Range 3.96 = 7.06 20. 58 = 34 . 42 
Dl 10 g, rrg 273.6 + 6.717 14.34 + 0.762 71. 46 + 1. 746 Range 241·= 298 10.5 = 17.1 61.5 = 80.8 
mg% 5.22 + 0.195 26.23 + 0.757 
Range 3.99 = 5.98 20 .64 = 29 .09 
Pituitary 
Weight 
12.76 + 0.790 
9.8 - 14.2 
4.40 + 0.227 
3.67 = 4.95 
11.66 + 0 .339 
10.4 - 13.1 -
4.29 + ·o .153 
3.57 = 4.87 
11.06 + 0.356 
8.9 - 12.9 
4.05 + 0.113 
3.56 = 4.48 
w 
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TABIE VlB(continued) 
SUMMARY CHART OF GRAV1METRIC .ANALYSES CF THYROID, ADRENAL .AND PITUITARY 
GLANDS OF ADULT FEMALE RATS 
Number 
Estrous of 
Cycle Animals Body Thyroid Adrenal Pituitary 
Stagea,b (N) Units Weight Weight Weight Weight 
D2 9 g, mgC 284.1 + 6.0l5d 16.66 + 1.153 69. 39 + 1.990 11.64 + 0.409 
Range 260 = 311 13.7 = 24.5 61.4 = 78. 7 10.2 - 13.3 
g, mg% 5.908 + 0.479 24.43 + 0.653 4.11·+ 0.150 
Range 4.49 =- 9.25 22.41 =- 28.13 3.34 = 4.85 
PPE 4 g, mg 264.0 + 2.483 14.30 + 1.625 73.30 + 4.030 11.10 + o.456 
Range 258 = 270 10.1 = 18.0 65.9 = 83.4 10.1 - 12.1 
g, mg% 5.42 + o.642 27.74 + 1.346 4.20 + 0.157 
Range 3.84 = 6.98 24.87 = 30.89 3.91 = 4.60 
PE 16 g, mg 277.8 + 4.'l55 15.55 + 0.911 68.21 + 2.156 . 11.30 + 0.398 
Range 246 - 305 10.3 = 23. 7 52.3 = 81. 7 7.1 - 13.9 
g, mg% 5.60 + 0.326 24.59 + 0.805 4.07 + 0.132 
Range 3.89 = 8.88 19 .81 = 29 .63 2.68 = 4.88 
(cf. following page for ;footnotes} 
w 
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TABLE 'lIB (continued) 
SUMMARY CHARI' OF GRAVD'JEI'RIC 
ANALY~CF THYROID, ADRENAL AND PIWITARY 
GLANDS OF ADULT FEMALE RATS 
a Abbreviations for stages : 
E = Estrus 
ME = Metestrus 
D
1 
= Early Diestrus 
D2 = Late Diestrus 
PPE = Preproestrus 
PE = Proestrus 
b Necropsy times ranged as follows: 
E = 19:10 - 11:00 
ME = 12:45 - 21:00 
D1 = 12:00 - 15:25 
D2 = 9:30 - 20:10 
PPE = 17:50 - 20:00 
PE = 11:45 - 23:40 
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c Body weights are in gr>ams (g). Organ weights are in. milligr>ams (mg). 
d 'Ihe aritruretic rrean (X) is followed by the standard error of the rrean 
(S.E.). In the case of body weights in grams (g), other organ 
weights in milligrams (mg) and milligrams percent (mg%). 
Text - Figure 7 A. A linear representation of the. uterine weights during the 
estrous cycle expressed in mg .:!:_ S.E. 
Text - Figure 7B. A linear representation of the uterine weights expressed 
in rng% .:!:_ S.E. 
Text - Figure 7C. A linear representation of the fallopian tube weights 
during the estrous cycle expressed in mg .:!:_ S.E. 
Text - Figure 7D. A linear representation of the fallopian tube weights 
during the estrous~ycle expressed in rng% .:!:_ S.E. 
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Fallopian Tube 
Since the fallopian tubes taken for enzymatic analysis were to be frozen 
as soon as possible after necropi:;y of the animal, these were not weighed. The 
gravimetric data therefore represents swrmaries made from weights of single 
fallopian tubes for each rat dissected from ovaries and weighed after fixing. 
A preliminary test had shown that in a group of six rats the difference between 
left and right fallopian tube weight was only 0.3%, which would indicate that 
using single fallopian tubes is sufficiently indicative of the fallopian tube 
weight for analysis. 
Weights for the fallopian tube followed curves roughly similar to those 
exhibited by uterine weight (cf. Table VIA, Text - Figures 7C and 7D). 
Maximwn was in estrus, 12.96 + 0.84 in mg and 4.51 :!::_0.36 mg%; minima were in 
early diestru$ through proestrus. for milligram weights, the lowest value being 
early diestrus, 10.32 + 0.63 mg and 3.76 + 0.18 mg%; and in early and late 
diestrus for milligram percent, 3.76 + 0.17 and 3.76 :!::_ 0.20, respectively . 
./ 
However, the ranges in weight were considerable, leading to large standard 
errors, so that in only two cases were the weight differences statistically 
significant, i.~ (in milligrams) estrus from early diestrus (p < 0.05) and 
estrus from preproestrus (p < 0.05). It is possible that finer microdissecticn 
and dry weight analyses might reveal greater changes, inasmuch as the tube is 
heavily encased in the ligamentum ovarii proprium and associated connective 
tissues. 
II. Histochemical Data - Lactic Dehydrogenase (LDH). 
In this description, the terms infundibulum, ampulla and isthrmls are used 
to indicate the part of the fallopian tube under consideration. Infundibulum 
corresponds with the post-ostial part of Kellogg (1945) division 1, and the 
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infundibular part of the preampulla of Nilsson and Reinius (1969); it runs 
for approximately two coils. Arr:pulla corresponds with Kellogg's division 2 
and Nilsson and Reinius' ampulla; isthmus, as used here, spans the traditional 
\ . length called isthmus, from ampulla up to outer uterine wall, inasmuch as the 
division 3 of Kellogg and isthmus of Nilsson and Reinius were not always easily 
distinguishable from division 4 of Kellogg and extrauterine junctura of Nilsson 
and Reinius in cryostat sections (cf. Plate II, Figures 7-11). 
Density readings were made from anatomically defined parts of the organ 
after the thickness of each section for reading was verified micrornetrically so 
as to avoid inaccurate readings due to non-uniform thickness of sections. 
Readings for each tissue were taken to the preset scales for both mono- and 
diformazan; then these readings were added to give the most accurate assessmert 
possible. These figures have also been tabulated (Table VIIB), and will be 
referred to as "combined readings". 
Some observations pertained to all parts of the fallopian tube, and so 
will not be restated as each part is considered. Nuclei vfe're negative for IDH 
activity, and so appeared as clear profiles, particularly noticeable in the 
epithelia. The lamina propria was almost totally negative, and so appeared as 
a very light area. Thus this area could be distinguished, when it was of any 
substantial width, from the other tissues, aiding in anatomical characteriza-
tion of sections. Cores of folds, when wide, often show a positive reaction 
because muscle fibers also enter these cores, as confirmed by the sections 
stained by the modified Shorr stain. Muscle tended to be of uniform reactivity 
in a section of any given part; therefore, the readings given for "muscle" 
represent all the layers of muscle present. 
TABLE VIIA 
SUMMARY CHART DEPICTING LDH LOCALIZATION 
IN THREE PARTS OF THE FALLOPIAN TUBE 
DURING THE ESTROUS CYCLEa 
Estrous Infundibulurn Ampulla Isthrrru.s 
Cycle Monof ormazan Dif ormazan Monof ormazan Dif ormazan Monof ormazan Dif ormazar 
Stage EPU Mv EP M EP M EP M EP M EP M 
Estrus 5d 3 4 3 5 3 5 3.5 4 3 2 3 
Metestrus 5 4.5 4.5 4 5 3.5 6 4.5 5 3 3 3.5 
Early Diestrus 4 2.5 4.5 2 4 2 5 3 4 2.5 2 3 
Late Diestrus 5 4 5 4 5.5 3.5 5.5 5 5 4 3 4.5 
Preproestrus 5 2.5 5 2.5 5.5 3.5 6 4.5 5 2 2 3 
Proestrus 5.5 4 6 5 5.5 3.5 6 5.5 5.5 4 4 4 
aRated on a 0 to +6 scale where 0 equals no reaction and 6 represents a maximal reaction. 
bEP = Epithelium. 
~ = Muscularis. 
Each figure on this table represents the ~erage of activity ratings of 3 to 4 animals. 
·~ 
Estrous 
Cycle 
Stage 
Estrus 
Metestrus 
Early Diestrus 
Late Diestrus 
Preproestrus 
Proestrus 
~P = Epithelium 
-1v1 = Muscularis 
~ 
9C 
9.5 
8.5 
10 
10 
11.5 
TABLE VIIB 
COMBINED DATA OF MONOFORMAZAN AND DIFORMAZAN 
DEPICTING I.DH LOCALIZATION IN THREE PARTS 
OF THE FALLOPIAN TUBE DURING 
ESTROUS CYCLE 
Infundibulum Ampulla 
Mb EP M 
6 10 6.5 
8.5 11 8 
4.5 9 5 
8 11 8~5 
5 11.5 8. 
9 11.5 9 
Isthmus 
EP M 
6 6 
8 6.5 
6 5.5 
8 8.5 
7 5 
9.5 8 
cEach figure on this table represents the average of added monoforma.zan and diformazan activity ratings 
of 3 to 4 animals. Monoformazan and diforma.zan were independently rated on a 0 to +6 scale where 0 
equals no reaction and 6 represents a maximal reaction. 
-
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Consecutive control sections were also incubated in a medium which lacked 
substrate, i.e. lactate. Semi-quantitative readings of all of these negative 
control sections yielded a 0 rating, as shown on the scale and negative contrul 
prints (cf. Plate III, Figure 12; Plate V, Figure 25; Plate XVIII, Figure 50). 
A. Infundibulum. 
Luminal Epithelium. Diforma.zan deposition in epithelial cells of the 
infundibulum tended to be basal and/or apical when deposition was not near or 
at maximum (cf. Plate IX, Figures 32, estrus, 33, rretestrus; Plate X, Figure 
34, early diestrus), although areas of general scattering were also observed. 
When LDH activity was very high, the localization tended to be even over the 
entire height of epithelial cells (cf. Plate IX, Figure 37, proestrus). 
LDH activity in the epithelium of infundibulum was relatively high in all 
stages of the estrous cycle (cf. Tables VIIA and B; Text - Figure 8; Plates 
IX-XI, Figures 32-37. Activity rose during the latter part of the estrous 
cycle to a peak at proestrus (11. 5 combined reading); by estrus the reading 
had dropped to approximately the lowest level observed (cQHlbined reading of 9), 
and this low level was maintained through early diestrus. 
Muscle. LDH activity in muscle did not follow as regular a pattern as 
that seen in epithelium, but here also the peak activity was seen in proestrus 
(combined reading of 9), with subpeaks in rretestrus and late diestrus (comb· 
readings of 8.5 and 8, respectively). At estrus, early diestrus and prepro-
estrus values were markedly lower (combined readings of 6, 4.5 and 6, respec-
tively) cf. Tables VIIA and B; Text - Figure 8 and Plates IX-XI, Figures 32-37). 
B. Ampulla. 
Luminal Epithelium. No distinctive patterns of Nitro-BT granule 
TEXT -.FIGURE 8 
Activity wheel depicting LDH activity (combined mono- and di-formazan 
averages) in the infundibulum of the albino rat fallopian tube during the 
estrous cycle. 
E - Estrus. 
ME - Metestrus. 
D1 - Early Diestrus. 
D2 - Late Diestrus. 
PPE - Preproestrus. 
/ 
PE - Proestrus. 
EP - Epithelium. 
M - Muscularis. 
TEXT - FIGURE 8 
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-----M 
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deposition were seen in the epithelium of ampulla as were seen in infundibulum 
and isthmus. LDH activity was quite high in this tissue in almost all stages 
of the estrous cycle (cf. Tables VIIA and B; Text - Figure 9 and Plates XII-
XI, Figures 38-43), although peak values (combined reading of 11.5) were 
seen at preproestrus and proestrus (cf. Plate XIV, Figures 42-43). The 
lowest level was seen in early diestrus, combined reading of 9 (cf. Plate 
XIII, Figure 40). 
Muscle. Muscle of ampulla showed a slightly enhanced time span of 
activity over that of infundibulum, although their peaks, both in proestrus, 
were of equal activity (combined reading of 9). Moderate activity was present 
in ampulla in metestrus, early diestrus and preproestrus (combined readings 
of 8, 8.5 and 8, respectively), while activity was relatively low in only 
two stages, estrus and early diestrus (combined readings of 6.5 and 5, 
respectively). Thus the muscle showed a higher activity in preproestrus in 
ampulla than in infundibulum, other values being similar (of. Tables VIIA and 
B, Text - Figure 9 and Plates XII-XIV, Figures 38-43). 
C. Isthmus. 
Luminal Epithelium. Difonna.zan deposition in the epithelial cells of the 
isthmus fended to be concentrated both basally and apically, although the 
rest of the cytoplasm of the cell was often also mildly positive. In general, 
LDH activities were much lower in the epithelium here than in the other parts 
of the tube (cf. Tables VIIA and B, Text - Figure 10). Activity peaked at 
proestrus (combined reading of 9.5) (cf. Plate XVII, Figure 49); was 
relatively high in metestrus and late diestrus (combined readings of 8) 
(cf. Plate XV, Figure 45 and Plate XVI, Figure 47) and low in estrus and 
I 
TEm' - FIGURE 9 
Activity wheel depicting LDH activity (combined mono- and di-formazan 
averages) in the ampulla of the albino rat fallopian tube during the estrous 
cycle. 
E - Estrus. 
ME - Metestrus. 
n1 - Early Diestrus. 
n2 - Late Diestrus. 
PPE - Preproestrus. 
/ 
PE - Proestrus. 
EP - Epithelium. 
M - Muscularis. 
TEXT - FIGURE 9 
-------Ep. 
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TEXT - FIGURE 10 
Activity wheel depicting LDH activity (combined mono- and di-formazan 
averages) in the isthmus of the albino rat fallopian tube during the estrous 
cycle. 
E - Estrus. 
ME - Metestrus. 
D1 - Early Diestrus. 
D2 - Late Diestrus. 
PPE - Preproestrus. 
_,... 
PE - Proestrus. 
EP - Epithelium. 
M - Muscularis •. 
TEXT - FIGURE 10 
--
and early diestrus (combined reading of 6) (cf. Plate YN, Figure 44 and 
Plate XVI, Figure 46, respectively). 
Muscle. There were fewer t~s when even relatively high activities 
of LDH were seen in the muscle of isthmus as compared to other tubal parts. 
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Activity was moderately high in late diestrus (peak value of 8.5) (cf. Plate 
XVI, Figure 47) and proestrus (combined reading of 8) (cf. Plate XVII, Figure 
49). At all other stages, estrus, metestrus, early diestrus, and pre-
proestrus, the combined readings were low, ranging from 5-6.5 (cf. Tables 
VIIA and B, Text - Figure 10 and Plates YN, Figures 44-45, XVI, Figure 46 
and XVII, Figure 48, respectively) . 
III. NADH2-Diaphorase Activity. 
The activity of NADH2-diaphorase was assessed for each section type of 
each rat included in the study. In all cases, mono- and di-fonnazan combined 
readings for NADH2-diaphorase in any given segf'Ilent of the fallopian tube 
exceeded the readings given by that se@nent for LDH, indicating that sufficien 
./ 
NADH2-diaphorase was present for maximal LDH activity to be expressed as 
Nitro-BT deposits. Representative sections reacted for this enzyme are 
seen in Plate YNIII. The control section without substrate is negative 
(Figure 50); the section incubated with NADH2 exhibits a 6+ difonnazan 
deposition (Figure 51). 
DISCUSSION 
The cyclic alterations of the fallopian tUbe of the rat with respect 
to morphology and histochemistry have guided many researchers to greater 
knowledge concerning the importance of the fallopian tube with regard to the 
areas of reproduction relating to fertility and sterility. These changes 
affect the ecology of the gametes within the oviducts and are related to the 
hormonal balance of the total animal. Hormonal levels of the rat have been 
measured and yield data which shows that the peak secretion level of estrogen 
is found during proestrus (Yoshinaga et al. , 1969; Brown-Grant et al. , 1970). 
Samples of ovarian venous blood taken during each phase of the estrous cycle 
have been analyzed in the rat for progesterone by McDonald et al. (1969). 
They reported lowest mean secretion rates during the morning of proestrus and 
highest that night with a subsequent decrease the following day. These 
researchers mentioned a bimodal secretion curve for progesterone exhibiting 
a second smaller peak rate in late diestrus. Such cyclic variation in 
hormonal levels of estrogen and progesterone affects a nrul.efitude of target 
organs throughout the individual animal. For example, estrogen produces 
ciliogenesis within the fallopian tube and affects the metabolism and oxygen 
tension of the fallopian tubes and uterus (Yochim and Clark, 1971) • 
. 
The increase in metabolic activity exhibited by the fallopian tube during 
estrus is reflected by an increase in oviductal secretion. Oviductal secre-
tions provide the physiologic environment in which the gametes, i.e., 
spermatozoa and ova, survive. This environment assists in the maintenance 
of the ovum (before, during and after fertilization), the transport and 
capacitation of spermatozoa, the total process of fertilization and the 
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early development and delivery to•the uterus of the zygote. The ovum must be 
transported to the ampulla from the ovary within the periovarial sac via the 
infundibulum with its frimbriae. Cytoplasmic storage products which were 
" synthesized during oogenesis govern the early development of the marrmalian 
ova during preimplantation (Engel, 1972). The knowledge of LDH localization 
" in the preimplanted ova and mature oocytes of mice (Brinster, 1965a) has 
" added credibility to the metabolic pathways of early marrmalian oocyte develop-
ment. 
The spermatozoa are likewise transported to the ampulla from the uterus of 
the rat to await the arrival of the ova for fertilization. The mechanisms 
involved in this transport include the movement of cilia, creating currents in 
the oviductal fluid, and muscular contractions for peristaltic motions in the 
direction of the uterus which move larger masses, i.e., ova (Humphrey, 1969; 
Woodruff and Pauerstein, 1969). Sperm, in most species, also provide their own 
locomotion by flagellation via metabolism of fructose (fru,9tolysis). Curiously, 
LDH can catalyze one step of this energy transformation aerobically (Mann, 
1964). Sperm motility depends on a critical oxygen concentration in certain 
species, i.e. bull, ram and cock, and affects the metabolism of the sperm, but 
sperm can rely on anaerobic glycolysis of extracellular sugars (Nevo, 1965). 
Before achieving the capacity to fertilize the egg, the sperm spermatozoa must 
undergo a process called capacitation. In capacitation, sperm in the ampulla 
are prepared morphologically to best transfer their nucleic acids to the ova 
through the egg membranes (zona pellucida) (Austin, 1969). Oviductal 
secretions have an effect on this capacitation process in some unknown way, but 
some investigators (Mounib and Chang, 1964) have found that lactate in the 
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energy metabolism of this transforma.tion. Stone et al. (19.73) recently 
reported increased oxygen uptake and, therefore, energy production in the 
presence of swine oviductal secretions resulting in elevated spenn motility ard 
also fertility. Brinster (1965a) stated that LDH activity is very high in the 
II 
oocytes, ma.ture ova and zygotes of mice and decreased to near zero in a 
characteristic way during the time of preimplantation. 
The significance of LDH in the fallopian tube to the biochemistry of 
reproduction and ontogeny can thus be seen to increase the total amount of 
information about the metabolic processes within the uterine tube relating to 
fertility and sterility. Patterson and Masters (1972) recently published 
biochemical data which agrees well with the histochemical findings presented 
in this thesis and which showed the greatest variation of LDH levels in the 
fallopian tube and its secretions. They found a sequential difference of LDH 
activity in the various parts of the female reproductive tract of the rat 
during four stages of the estrous cycle, i.~ highest activity in the 
fallopian tube and its secretions during proestrus and lo~st levels during 
diestrus. In the work presented by the author, the greatest activity of LDH, 
histo-cytochemically, was similarily found in the infundibulum and arnpulla at 
proestrus while levels of LDH increased in the various parts of the tube from 
early diestrus to proestrus. In fact, the maximal value of LDH level for 
epithelium at each stage of the cycle and segment of the fallopian tube was 
also noted at proestrus, while corresponding minima at early diestrus. The 
infundibulum, lined with mainly ciliated cells and a few secretory cells, 
needs LDH for energy metabolism to assist in propulsion of ova toward the 
ampulla for fertilization during the time just after ovulation. LDH can 
be regarded as being in a storage phase in the infundibulum during proestrus. 
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When the metabolic energy necessary for sweeping in ova is.exhausted and the 
ova are further down the oviduct, a depletion of LDH has already occurred. 
Similar-principles are involved with regard to LDH activity in the ampulla, 
except that the lining of the ampulla consists of many secretory cells whose 
primary function consists of aiding the environment of the gametes, facilitat-
ing fertilization and providing energy and nutrients for early zygote develop-
rnent. Here too (i.e. in the ampulla), LDH activity was lowest during early 
diestrus. Since the ova remain in rat ampulla for approximately one day and 
are closer to the uterus by the stage of early diestrus, a depletion phase 
also occurs. Ova are normally in the isthmus (lined by mostly non-ciliated, 
secretory cells with either smooth and rough or only rough endoplasmic 
reticulum) for about two days, i.e. one day in the cephalic portion of the 
isthmus during early diestrus and a second day in the junctura area during 
late diestrus. Therefore, ova of the rat are generally thought to require 
about three days for transport through the entire length of the fallopian 
tube (Blandau, 1969). 
Spermatozoa enter the female reproductive tract quring the time of 
mating and travel toward the ampulla of the fallopian tube with the aid of 
peristaltic contractions of the oviduct, movement of lurninal fluids by 
oviductal cilia and the motility of the sperms themselves. As was seen from 
the LDH data (cf. Table VIIB), activity levels were greatest at proestrus, 
just prior to the entrance of sperm during mating, so that catalysis of 
energy transformation could be accomplished. Again, lowest LDH activity 
was recorded when sperm would not be present in the female reproductive 
tract. 
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As was also noted in the final WH data (cf. Table VIIB), JIUlscle 
tissue seemed to respond to the hormonal environment regardless of the segment 
of the tube, which was to be expected. However, the JIUlscle in each segment 
of the oviduct did show maximal activity of WH in proestrus and minimal 
reaction during early diestrus. The WH activity seemed to parallel the 
expected site of the ovum as it traveled down the fallopian tube toward the 
uterus. This effect was also visualized in the infundibulum during metestrus 
where the fimbriae would be active for collection of ova. 
SUMMARY AND CONCLUSIONS 
L The fallopian tube of the 90-120 day old Charles River-Sprague 
Dawley derived rat was studied during six phases of the estrous cycle by 
gravlinetric and histochemical means (localization of lactic dehydrogenase, 
I..DH). Epithelia and Imlscle in three.distinct areas of the tube were studied, 
i.e. infundibulum, ampulla and isthimls in order to relate enzyme activity 
levels with the reproductive events of the fallopian tube, i.~ transport of 
both female and male gametes, in which these tissues are involved. 
2. Weights of single fallopian tubes per rat taken in the six distinct 
stages of the estrous cycle, i.e. estrus, metestrus, early diestrus, late 
diestrus, preproestrus and proestrus, tended to exhibit a curve similar to 
that typical for the weight of uterus, i.e. heaviest in estrus and lowest 
in diestrus. Maxirrrum, estrus, was 12.96 + 0.84 in mg and 4.51 :!:_ 0.36 in mg%; 
minimum, early diestrus, was 10.32 + 0.63 in mg, and 3.76 :!:_ 0.18 in mg%. 
Although indicative of a weight ch~e with the estrous cycle, the data 
indicated that the change was slight and that there was JTil16h variation among 
individual animals. Estral weight, however, was significantly different from 
that of early diestrus. A noteable difference between uterine and fallopian 
tube weight curves occurred in proestrus, a time when the uterus is heavy; 
the fallopian tube weight was only a little above the minimal weight range. 
3. Histochemical data (localization of lactic dehydrogenase) indicate 
that the activity of this enzyme varies during the different stages of the 
estrous cycle, and, especially in epithelia, among the different anatomical 
parts of the fallopian tube, rated on a 0 to 6+ scale for both mono- and 
di-formazan. 
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a. Enzyme activities in epithelia and muscle, seen in overview, 
were highest in ampulla (overall average score of 10.67 and 7.5, respectively), 
similar but slightly lower in all stages of the cycle except proestrus in 
infundibulum (overall average score of 9.75 and 6.83, respectively) and 
lowest in isthmus (overall average score of 7.41 and 6.58, respectively). 
Enzyme activity in muscle tended to be almost uniform in all three parts of 
the fallopian tube at any given stage of the cycle.with the one exception of 
metestrus, when activity in isthmus (6.5) was notably lower than that in 
infundibulum (8.5) or ampulla (8). 
b. Peak LDH activities were observed in proestrus for epithelia of 
all three parts of the organ, i.e. infundibulum (11.5), ampulla (11.5) and 
isthmus (9.5). At other stages of the cycle, it tended to be slightly lower, 
but fairly uniform in infundibulum (range 8.5-10) and isthmus (6-8) but 
uniformly high in ampulla (10-11.5) except at early diestrus. Values 
were either peak or near peak at proestrus in muscle also...{9, 9 and 8 
respectively), but the reaction in muscle was always less than that in 
epithelia. Activity in muscle maintained peak values for a span of time only 
in the ampulla, when it showed peri-peak values during late diestrus (8.5), 
preproes'trus (8) and proestrus (9). 
c. Minimal LDH activities were always observed in the epithelia in 
early diestrus, although even at this time, the activity was higher in 
infundibulum ( 8. 5) · and ampulla ( 9) than in isthmus ( 6) • 
d. These alterations in LDH activity levels reflect the hormonal 
states of the animal and possibly response directly to gametes and zygote. 
In the epithelia, these changes can be correlated with function and with 
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information available from electron microscopy concerning cell types. Highest 
values were seen in epithelia of ampt.illa, the site of fertilization in the 
rat. These were the very highest (11.5) before estrus, during preproestrus 
and proestrus, and dropped rather sharply at estrus, which probably indicated 
a pouring of secretion into the lumen. The ampulla contains the most active-
appearing secretory cell, by electron microscopy, and its activity is here 
borne out. LDH activity in infundibulum had a similar pattern to that in 
ampulla, high at proestrus (11.5) and a drop to estrus (9), indicating that 
here also, activity corresponded to the time of receipt of ova. In isthmus, 
activity in epithelium showed two peaks, one at proestrus (9.5) at the time 
of sperm passage, and one at late diestrus ( 8) , at the time of zygote 
passage. 
e. In JIDlscle also, each segment of the tube, i.~ infundibulum, 
ampulla and isthmus showed maximal type activity in proestrus (i.e. readings 
of 9, 9 and 8,respectively); isthmus also showed peak in J.e.te diestrus 
(8.5). Minimal type readings in JIDlscle were at early diestrus (4.5, 5 and 
5.5,respectively) with additional low values for infundibulum (5) and 
isthmus (5) at preproestrus. 
f. The.oviductal Ilil.lScle tissue seemed to respond to the hormonal 
environment regardless of the location of the tube. The LDH activity in 
each segment of the fallopian tube seemed to parallel the expected site of 
the ovum as it traveled down the oviduct toward the uterus, with LDH peaks 
in all parts of the tube at proestrus (preparing for reception of the 
gametes, i.e. 9, 9 and 8,respectively). The IIIllscle of isthmus also 
displayed a second peak value during early diestrus. It is interesting 
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to note that this second LDH peak occurred at a time when the zygote should 
be arTiving at this site. 
4. These alterations in LDB levels reflect the hormonal states of the 
animal and affect the environment and metabolism of the gametes, i.~ the 
spermatozoa and ova. T'ne process of fertilization and early zygote develop-
ment are also dependent on the ecology of the fallopian tube. From the 
literature and the results given above, LDH appears to be necessary in 
oviductal secretions for processes, such as fertility; thus a lack or low 
activity of LDH in the oviduct could possibly cause sterility via a block 
in the metabolic transformations of the gametes. 
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PLATE I 
Representative cross-sections of rat uteri at each of the six stages of the 
estrous cycle during which the fallopian tube was studied (uterine histology 
was used to confirm estrous cycle staging). Paraffin sections, modified 
Shorr S-3 stain, X25. 
Explanation of Figures 
Fig. 1. Estrous uterus showing enlarged dimensions, large stellate lumen, 
high columnar epithelium and numerous glands. Rat No. 59. 
Fig. 2. Metestrous uterus showing similar overall dimensions as estrous 
uterus, lumen of moderate size and outpocketings, many degenerative 
vacuoles in columnar epithelium and several glands. Rat No. 7. 
Fig. 3. Early diestrous uterus showing smallest cross-sectional diameter, 
slit-like lumen with low cuboidal epithelium during repair and 
few glands. Rat No. 52. 
Fig. 4. Late die~rous uterus showing small cross-sectional diameter, 
small lumen with repaired cuboidal epithelium and few glands. 
Rat No. 8. 
Fig. 5. freproestrous uterus showing medium-sized cross-sectional diameter, 
more highly developed lumen with low columnar epithelium and 
several glands. Rat No. 4. 
Fig. 6. Proestrous uterus showing largest cross-sectional diameters, 
extensive stellate.lIBn.en with high, regular colillllnar epithelium 
and numerous glands. Rat No. 42. 
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PLATE I 
PLATE II 
Representative cross-sections of rat fallopian tube segfllents, for morphologic 
orientation. Paraffin sections, modified Shorr S-3 stain. Rat No. 25. 
Fig. 
Fig. 
Explanation of Figures 
7. Three morphologically distinct seg]llents of the fallopian tube, 
i.e. infundibulum (a), ampulla (b) and isthmus (c). X25. 
8. Ampulla containing ovum is typical of estrus. Dilated lumen. X25. 
Fig. 9. Higher power of infundibulum showing long fimbriae covered with 
mainly ciliated columnar cells and thin muscular wall. Diameter 
of lumen is constant throughout cycle. XlOO. 
Fig. 10. Higher power of ampulla in late estrus showing large lumen, 
very thin ITR.l.scular wall, mainly secretory columnar epithelium 
and an ovum surrounded by granulosa cells in the lumen. XlOO. 
Fig. 11. Higher poWer of isthmus showing very thick ITR.l.Scular wall, small 
lumen with secretory columnar cells and overall small size. XlOO. 
c 
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PLATE III 
Representative colored prints of frozen sections of rat fallopian tube 
incubated with (Figures 13-18) or without (Figure 12) lactic acid in reaction 
medium, utilized for scaling of diformazan deposition in epithelia on a 0 to 
+6 scale. X500. 
Explanation of Figures 
Fig. 12. Negative control section incubated without lactic acid substrate 
representing O on the scales of forma.zan deposition. Translucent 
and colorless. Rat No. 17. 
Fig. 13. Reaction of +l, showing the minimal positive reaction, only a 
trace of granules. Isthmus, Rat No. 16. 
Fig. 14. Reaction of +2, showing a light scatter of granules, rather evenly 
distributed. Isthmus, Rat No. 40. 
Fig. 15. Reaction of +3, showing a moderate scatter of granules, with 
occasiona1 dense patches apically. Isthmus, Rat No. 54. 
Fig. 16. Reaction of +4, showing markedly greater density of granules often 
with denser patches of deposition both basally and apically. 
Ampulla-isthmus junction, Rat No. 58. 
Fig. 17. Reaction of +5, showing heavy deposits, granules and clumps of 
granules marked in size. Infundibulurn, Rat No. 25. 
Fig. 18. Reaction of +6, showing the maximal deposition. Closely positioned 
patches of granular deposits giving the blue-black color of 
diformazan to large areas of tissue. Infundibulum-ampulla 
junction, Rat No. 54. · 
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PLATE I I I 
12 
13 
14 
PLATE N 
Low power views of cross-sections of rat fallopian tube reacted for I.DH and 
utilized for scaling of difonnazan deposition in epithelia. Cryostat 
sections, XlOO. 
Fig. 19. 
Fig. 20. 
Fig. 21. 
Fig. 22. 
Fig. 23. 
Explanation of Figures 
Rating of +l showing a minimal reaction and trace of granules. 
Isthnn.lS, Rat No. 16. 
Rating of +2 showing light scatter of granules, with usually none 
apically. Isthnnls, Rat No. 40. 
Rating of +3 showing heavier scattering of granules, sometimes 
apical. Isthnnls, Rat No. 54. 
Rating of +4 showing markedly greater density in patches o~en 
and more apical localization. Ampulla-isthnnls, Rat No. 58. 
Rating 0£""'+5 showing heavy granulation in patches of great 
density; granules and clumps both marked in size. Infundibulum, 
Rat No. 25. 
Fig. 24. Rating of +6 (maximal) with very dense, closely positioned 
patches of granular deposits giving a blue-black color to large 
areas of tissue. Infu.Yldibulum-ampulla junction, Rat No. 54. 
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PLATE N 
PLATE V 
Cross-sections of rat fallopian tubes. Epithelium demonstrates scaling of 
diforrrazan deposition. Cryostat sections, X500. 
Explanation of Figures 
Fig. 25. Negative control section, incubated without lactic acid substrate, 
rated 0 on the scale. Translucent and colorless. Rat No. 17. 
Fig. 26. Rating of +l showing a minimal reaction and trace of granules. 
The non-granular grey areas represent a +3 monoforrrazan reaction. 
Isthmus, Rat No. 16. 
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PLATE V 
25 
PLATE VI 
Cross-sections of rat fallopian tubes reacted for LDH. Epithelium demonstrate 
scaling of difonna.zan deposition. Cryostat sections, X500. 
Explanation of Figures 
Fig. 27. Rating of +2 showing a light scatter of granules, with usually 
none apically. Lighter, grey background represents a monofonnazan 
+4. Isthmus, Rat No. 40. 
Fig. 28. Rating of +3 showing heavier scatter of granules, sometimes 
apical. Lighter, grey background represents monofonna.zan +5. 
Isthmus, Rat No. 54. 
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PLATE VII 
Cross-sections of rat fallopian tubes reacted for LDH. Epithelium demon-
strates scaling of diformazan deposition. Cryostat sections, X500. 
Explanation of Figures 
Fig. 29. Rating of +4 showing markedly greater density, in patches often 
and more apical localization. Ampulla-isthrnus junction, Rat No. 58. 
Fig. 30. Rating of +5 showing heavy granulation in patches of great density; 
granules and clumps both marked in size. Grey, even background 
represents rnonoformazan +5. Infundibulurn, Rat No. 25 • 
. ~· 
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PLATE VII 
PLATE VIII 
Cross-section of rat fallopian tube reacted for I.DH. Epithelium demonstrates 
scaling of diformazan deposition. Cryostat section, X500. 
Explanation of Figure 
Fig. 31. Maximal (+6) rating with very dense, closely positioned patches of 
granular deposits giving a blue-black color to large areas of 
tissue. Infundibulum, Rat. No. 54. 
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PLATE.VIII 
PLATE IX 
Representative cross-sections of rat infundibulum at different stages of the 
estrous cycle. Cryostat sections, LDH stain, X500. 
Ex.planation of Figures 
Fig. 32. Estrus. Epithelium shows a relatively dense (+4) diforrnazan 
deposition, with heavy background rnonofonnazan (+5); muscle di-
and rnono-fonnazan deposition is moderate (+3, +3 on the muscle 
scale). Rat No. 25. 
Fig. 33. Metestrus. Epithelium shows a dense (+5) difonnazan deposition, 
with a subrnaximal (+5) background rnonofonnazan; muscle di- and 
rnono-forrnazan deposition is moderate (+3, +3 on the muscle 
scale). Rat No. 7. 
·""· 
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PLATE IX 
PLATE X 
Representative ·cross-sections of -rat infundibulum at different stages of the 
estrous cycle. Cryostat sections, LDH stain, X500. 
Explanation of Figures 
Fig. 34. Early'Diestrus. Epithelium shows a submaxirnal difonnazan deposition 
in granules and clW1JPS (+5) along with a moderate (+4) mono-
fonnazan bac~ground. Representative of the lowest reaction seen 
for epithelium for infundibulum during the estrous cycle. 
Rat No. 50. 
Fig. 35. Late Diestrus. Epithelium shows a heavy but submaximal deposition 
in clumps and granules of diformazan (+5) with a background of 
monoformazan in the submaxirnal range (+5); muscle shows a 
relatively high deposition of diformazan (+4) with a moderate 
monoformazan component (+3). Rat No . 54. 
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PLATE XI 
Representative 'cross-sections of rat infundibulum at different stages of the 
estrous cycle. Cryostat sections, I.DH stain, X500. 
Explanation of Figures 
Fig. 36. Preproestrus. Epithelium With long folds shows reaction similar to 
that of late diestrus; diforma.zan deposition is +5. Monoformazan 
background component is also high (+5); muscle displays a moderate 
diforma.zan component (+3) and a low (+2) monoforma.zan background. 
Rat. No. 4. 
Fig. 37. Proestrus. Epithelium and rrn.i.scle at their peak for infundibulum 
during the estrous cycle. Ep;ithelium exhibits maxima for both 
mono- and di-forma.zan deposition (+6 and +6), while rrn.i.scle 
shows submaximal mono- and di-f'orma.zan deposition (+5 and +5). 
Rat No. 37. 
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PLATE XI 
PLATE XII 
Representative cross-sections of rat ainpulla at different stages of the 
estrous cycle. Cryostat sections, LDH stain, X500. 
_Explanation of Figures 
Fig. 38. Estrus. Epithelial activity is high, but submaximal, difonnazan 
and monofonnazan each deposited to a +5 rating. Rat No. 25. 
Fig. 39. Metestrus. Enzyme ' activity has increased in epithelium to almost 
maximum during this time when ampulla contains the gamete(s). 
Difonnazan is +6, monoformazan, +5. Rat No. 7. 
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PLATE XII 
PLATE XIII 
Representative cross-sections of rat ampulla at different stages of the 
estrous cycle. CrY'ostat sections, LDH stain, X500. 
E~lanation of Figures 
. 
Fig. 40. Early Diestrus. T:iJne of lowest LDH activities seen in ampulla for 
both epithelium and nru.scle. This typical section displays 
dif orrnazan and monoformazan readings of +5 and +4 in epithelium 
and +2, +2 in muscle: Rat No. 50. 
Fig. 41. Late Diestrus. The high metabolic activity of ampulla is 
evidenced by its rapid recovery to almost maximum activity. 
Diformazan and rnonoformazan readings of +6/+5 and +6/+3 are 
evidenced by the epithelium and nru.scle, respectively. Rat No . 54 . 
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PLATE XIII 
, .. 40 
PLATE XN 
Representative cross-sections of rat arr:pulla at different stages of the 
estrous cycle. Cryostat sections, LDH stain, X500. 
Explanation of Figures 
' Fig. 42. Preproestrus. Epithelium demonstrates typical maximum enzyme 
activity. Diformazan, +6, monoformazan +5. Rat No. 21. 
Fig. 43. Proestrus. The maximUm activity is sustained in arr:pullary 
epithelium. Dense overall deposition of granules (+6) overlying 
heavy monoformazan (+5). Rat No. 45. 
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PLATE XN 
/ 
PLATE r:l 
Representative cross-sections of rat isthmus at different stages of the 
estrous cycle. Cyrostat section, LDH stain , X500. 
Explanation of Figures 
Fig. 44. Estrils. Epithelium exhibits a fairly low diforma.zan deposition 
(+2) with a moderately high background of monoformazan (+4); 
muscie shows a moderate deposition of both mono- and di-formazan 
( +3 and +3). Rat No'. 40. 
Fig. 45. Metestrus . Epithelium displays a moderate deposition of diformazan (+3) which is overshadowed by a submaximal monoformaz?Jl background 
(+5); muscle exhibits a moderat.e deposition of both mono- and 
di-formazan (+3 and +3). Rat No . 7. 
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PLATE YYI 
Representative· cross-sections of rat isthmus at different stages of the 
estrous cycle. Cryostat section, LDH stain, X500. 
Explanation of Figures 
Fig. 46. Early Diestrus. Epithelium (at its lowest enzyme activity level 
for isthmus in the estrous cycle) shows a low scattering (+2) 
of diformazan .deposits with a higher monoformazan background 
(+4); muscle exhibits a moderate deposition of both mono- and 
di-forniazan (+3 and +3). Rat No. 27. 
Fig. 47. Late Diestrus. Diformazan deposits in. epithelium are increased 
over early diestrous and are seen as a light scattering with some 
apical localization (+3) and a high submaximal monoformazan 
background (+5); muscle displays a submaximal (+5) diformazan 
deposition with a moderately elevated deposition of monofonnazan 
( +4) . This elevated reaction in muscle may be significant for 
zygote passage, which would occur at this time in the mated 
animal. Rat No. 54. 
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PLATE XVII 
Representative cross-sections of rat isthmus at different stages of the 
estrous cycle. cryostat section, I.DH stain, X500. 
Explanation of Figures 
Fig. 48. Preproestrus. Epithelium shows a low diformazan deposition (+2) 
which is overshadowed by a submaximal rnonoformazan background (+5); 
muscle eYllibits a moderate diformazan deposition (+3) with a 
low (+2) rnonoformazah component. Rat No. 4. 
Fig. 49. Proestrus. Epithelium is at its peak for isthmus in the estrous 
cycle; deposition of diformazan is moderateiy high, often apical 
(+4), with maximal monoformazan_ deposition (+6); muscle also 
shows high rnonoformazan deposition (+5) with a moderate 
diformazan deposition (+4). Rat No . 35. 
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PLATE XVIII 
Representative· cross-sections of rat fallopian tube sefgrents stained as 
control sections. Cryostat sections, X500. 
Explanation of Figures 
Fig. 50. Controi section incubated in standard medium lacking NADH2 
substrate . Section is translucent and colorless, therefore rates 
0 on t9e formazan depo~ition scales . Rat No. 17. 
Fig. 51. Tissue section reacted for NADH/-diaphorase, showing epithelium 
of maximal ( +6) difarmazan deposition. Rat No. 57. 
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